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Introduction: With improvements in preoperative diagnostics and postoperative care the
value of autopsy has been questioned. The aim of our study was to prospectively assess
the current value of autopsy in patients after cardiac surgery.
Methods: Between January 2007 and December 2013 there were 7800 patients operated on for
heart disease. Two hundred and thirteen of them died postoperatively, resulting in an
overall in-hospital mortality of 2.7%. Autopsy was performed on 158 patients (74%). Data
regarding the cause of death from clinical and autopsy ﬁndings were analysed and com-
pared.
Results: Artiﬁcial ventilation, inotropic support before operation, NYHA class IV, and renal
failure were the most common preoperative risk factors and surgery for postinfarction
ventricular septal defect, emergency operation, operation for acute dissection, triple valve
surgery and the necessity for circulatory arrest were the most signiﬁcant operative risk
factors. The most frequent cause of death was cardiac failure or a sepsis and/or multiorgan
failure. Missed major diagnosis (class I and II) was found in 21 patients (13.3%) and missed
minor diagnosis was found in 17 patients (10.4%). Of the seven patients with class I error, six
died due to unidentiﬁed abdominal complications.
Conclusion: Autopsy remains the most speciﬁc indicator of errors in diagnostics and surgery
in patients with cardiac disease. It is a valuable tool for quality assessment and may
contribute to the improvement of patient healthcare. Clinicians should pay special attention
to abdominal symptomatology in patients after cardiac surgery because this was the main
cause of diagnostic errors.
# 2015 The Czech Society of Cardiology. Published by Elsevier Sp. z o.o. All rights
reserved.
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.Introduction
The results of autopsy have always been a signiﬁcant source
of information and a tool for improving subsequent patient
care. The accurate determination of cause of death is useful for
the correct diagnostics and assessment of indications* Corresponding author . Tel.: +420 543182484; fax: +420 543211218.      
E-mail address: petr.nemec@cktch.cz  (P. Němec).
http://dx.doi.org/10.1016/j.crvasa.2015.03.001
0010-8650/# 2015 The Czech Society of Cardiology. Published by Elsefor operation, surgery and postoperative treatment. Despite
the fact that the accuracy of different types of investigations
has improved the diagnostics of preoperative disease and
postoperative complications are still not accurate enough to
make autopsies unnecessary. Diagnostic errors are still the
cause of preventable mortality and morbidity in hospitalised
patients; 40,000–80,000 such deaths are estimated annually invier Sp. z o.o. All rights reserved..
Table 2 – Overview of autopsy patients (preoperative
diagnosis).
n %
Age (y) 62.2  11.8
Coronary artery disease 71 44.9
AMI 24 15.2
VSD after AMI 6 3.8
Valve disease 71 44.9
Aortic 55 34.8
Mitral 29 18.4
Tricuspid 12 7.6
Infective endocarditis 14 8.9
Acute dissection 16 10.1
Aortic aneurysm 14 8.9
Cardiomyopathy 19 12.0
Pulmonary embolism 2 1.3
c o r e t v a s a 5 7 ( 2 0 1 5 ) e 9 1 – e 9 4e92the USA [1]. Autopsy-detected diagnostic errors are typically
classiﬁed according to the Goldman criteria based on their
clinical relevance and the possibility that a different therapy
would have changed the outcome [2]. The aim of our study was
to prospectively assess the current value of autopsy as an
instrument for quality care in cardiac surgery. We compared
clinical and autopsy ﬁndings concerning the causes of death
and perioperative complications.
Materials and methods
Between January 2007 and December 2013 there were
7800 patients operated on for heart disease. Two hundred
and thirteen of them died postoperatively resulting in an
overall in-hospital mortality of 2.7%. Autopsy was performed
on 158 patients (74.1%), all of them for clinic-pathologic
reasons. Clinical data of all deceased patients were prospec-
tively recorded. Clinical cause of death was determined by the
physician who was present with the patient at the time of
death. All the laboratory and clinical data, as well as results
of invasive and non-invasive examinations, were taken into
account. Autopsy was performed in the standard fashion and
samples of the myocardium and other relevant organs were
taken. The cause of death was described by a pathologist who
took into account all available clinical data.
Results
The risk factors for death are shown in Table 1. The highest risk
patients are those who need artiﬁcial ventilation and inotropic
support, NYHA class IV patients and those who suffer from renal
failure preoperatively. The most signiﬁcant operative risk
factors are operation for postinfarction ventricular septal defect
(VSD), emergency operation, operation for acute dissection,
triple valve surgery and the necessity for circulatory arrest.Table 1 – Risk factors for death.
OR
Preoperative factors
On ventilator 15.0*
Inotropic support 14.3*
CCS IV/NYHA IV 3.4/6.9*
Renal failure 5.4*
EF < 30% 3.1*
Preoperative TIA/CVA 2.6*
BMI < 25 2.1*
DM 1.0
Hypertension 0.9
Perioperative factors
Postinfarction VSD 20.5*
Emergent operation 6.0*
Use of circulatory arrest 5.7*
Acute dissection 5.6*
Triple valve surgery 4.9*
Reoperation 3.9*
Bilateral IMA 0.4
Double valve surgery 1.1
* p < 0.05.Overall, the EuroSCORE II risk score in diseased patients was
21.7  12.7. Some generally respected risk factors like diabetes
and hypertension did not prove to be signiﬁcant risk factors in
our patients.
The characteristics of deceased patients are recorded in
Table 2. Coronary artery disease (CAD) was the primary disease
in 71 patients; 24 (33.8%) of them suffered from acute
myocardial infarction (AMI). Seventy-one patients suffered
from valvular disease, 14 (19.7%) of them suffered from an
infective endocarditis (IE). Twenty patients (12.7%) had a
combination of CAD and valvular disease.
Operative procedures are shown in Table 3. The most
common procedures were coronary artery bypass grafting
(CABG), valve surgery or a combination of both. In 16 patients
(10.1%) some type of cardiac mechanical support was required
after the operation.
The most frequent cause of death was cardiac failure or a
sepsis and/or multiorgan failure (MOF) (Table 4). In 120 (75.9%),
the clinical diagnostics and pathological ﬁnding corresponded
completely (Goldman class V). Missed major diagnosis (Class I
and II) was found in 21 patients (13.3%) (Tables 5 and 6). Of theTable 3 – Operative procedures.
n %
CABG 35 22.2
VSD after MI +/ CABG 7 4.4
Remodelling of LV + CABG 2 1.3
CABG + valve 20 12.7
Single valve surgery 37 23.4
Double valve surgery 16 10.1
Triple valve surgery 5 3.2
Bentall procedure 19 12.0
Aortic aneurysm resection 14 8.9
HTx 12 7.6
Pulmonary embolectomy 2 1.3
Other 4 2.6
ECMO 5 3.2
VAD 4 2.6
Postcardiotomy
IABP 5 3.2
ECMO 5 3.2
VAD 6 3.8
Table 5 – Goldman's classification of discrepancies
between pre- and post-mortem findings.
Class I Missed major diagnosis that would have altered
therapy and may have improved survival
Class II Missed major diagnosis that would not have altered
therapy
Class III Missed minor diagnosis associated with a terminal
disease but not directly responsible for death
Class IV Any other missed minor diagnosis
Class V Complete agreement between pre- and post-mortem
diagnosis
Table 6 – Autopsy results according to Goldman's
classification.
n %
Class I 7 4.4
Class II 14 8.9
Class III, IV 17 10.8
Class V 120 75.9
Table 4 – Cause of death according to autopsy.
Cause of death n %
Cardiac failure 76 48.1
MOF with/without sepsis 45 28.5
Neurologic complications 10 6.3
Haemorrhagic shock 8 5.1
Pulmonary complications 9 5.7
Intra-abdominal complications 7 4.4
Pulmonary emboli 3 1.9
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abdominal complications.
Discussion
The prevalence of diagnostic errors and the degree of harm
for the patients from these errors are largely unknown. The
consequences of these errors often remain invisible. Many
physicians believe that the probability of diagnostic errors has
decreased due to the signiﬁcant improvements in diagnostic
techniques. But results from autopsy studies, still important
sources for evaluating diagnostic errors, show that discre-
pancies between clinical and post-mortem ﬁnding exist. The
lower autopsy rate was, the more errors were revealed, even if
selection of the most complicated cases for autopsy can
contribute to this effect [3]. In 2007 Burton published an article
where he pointed out the importance of autopsy, even in
modern clinical practice. Autopsy ﬁndings are still the
important source of information on diagnostic accuracy. They
not only contribute to the improvement in patient healthcare
but also bring beneﬁts for bereaved families [4]. They can very
often answer questions concerning the cause of death and the
relation of death and the surgical procedure itself or mistakes
in post-operative care.
The clinical relevance of diagnostic errors was systemati-
cally examined in several studies. Shojania assessed data from
53 distinct autopsy series over a 40-year period from differenttypes of units including paediatric ones and found 9% of class I
errors and 15% of class II errors [5]. Recent analysis of the
data from intensive care units comprises 31 studies and
5863 autopsies revealed similar results: class I diagnostic
errors were present in 8% and class II errors in 15% [6]. Similar
rates were published in paediatric literature and patients after
liver transplantation also showed similar rates [7,8]. The rate
of major diagnostic errors in abdominal surgery was even
higher and reached 45% [9]. The rate of missed major diagnosis
in our group of patients was lower (class I and II together
13.3%). One of the reasons for this ﬁnding may be that our
study is a single centre experience and concerns a speciﬁc
group of patients after cardiac surgery. However, in similar
single centre studies, the discrepancies between clinical and
post-mortem causes of death in patients after cardiac surgery
were found in 23% of patients, even when the methodology of
these studies was different [10,11].
Despite the well-known value of autopsy, there has been a
substantial reduction in autopsy rates over the last decades
[6,9,10]. This could be an impediment to better understand-
ing of diagnostic errors. Using sophisticated radiological
techniques, ‘‘virtual autopsy’’ could serve as an alternative
to classical autopsy. Wichmann reported that ‘‘virtual
autopsy’’ can be a feasible alternative for quality control
and identiﬁcation of diagnoses traditionally made by medi-
cal autopsy [12]. Since the autopsy rate in our institution is
still high and varied from around 70% to 75% during the
examined period of time, we believe our analysis gives us a
reliable cross-section of the patients who did not survive
open heart surgery. This is supported by the fact that cardiac
surgery mortality conferences have become a routine.
Clinicians who are involved in the treatment of patients
who subsequently die and the pathologist who performed
the autopsy have the opportunity to discuss their ﬁndings
and obtain valuable information.
The most common cause of death after cardiac surgery
(in almost half of the patients) was heart failure. The second
cause of death was MOF, which was very often connected with
sepsis. These data have also been conﬁrmed by other similar
studies in cardiac surgery [10,11,13]. Pulmonary diseases,
which have been mentioned as the main reason for death in
abdominal surgery, are more likely exceptional after cardiac
operations [9]. The most often missed cause of death in our
patients was abdominal disease. This might be explained by
rather unspeciﬁc and atypical clinical symptoms, especially in
intubated or sedated patients or patients with cognitive
defects. Preventive measures in such a patients are therefore
of the utmost importance.
In conclusion, autopsy remains the most speciﬁc indicator
of errors in diagnosis and surgical therapy of patients with
cardiac diseases. It is a valuable tool for quality assessment
and may contribute to the improvement of patient care.
Clinicians should pay special attention to abdominal symp-
tomatology in patients after cardiac surgery because this was
the main cause of diagnostic errors.
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